Glycoprotein nonmetastatic melanoma B (Gpnmb) is a type I transmembrane protein implicated in cell differentiation, inflammation, tissue regeneration, and tumor progression. Gpnmb, which is highly expressed in glioblastoma cells, is a potential therapeutic target. However, little is known about its expression, cellular localization, and roles in non-tumorous neural tissues. In this study, we examined Gpnmb expression in the central nervous system of adult rats under both normal and inflammatory conditions. Reverse transcription-polymerase chain reaction analysis revealed that Gpnmb mRNA was expressed in the cerebrum, cerebellum, brain stem, and spinal cord of normal adult rats. Immunoperoxidase staining revealed that Gpnmb-immunoreactive cells were widely distributed in the parenchyma of all brain regions examined, with the cells being most prevalent in the hippocampal dentate gyrus, cerebellar cortex, spinal dorsal horn, choroid plexus, ependyma, periventricular regions, and in layers II and III of the cerebral cortex. Double immunofluorescence staining showed that these cells were co-stained most frequently with the microglia/macrophage marker OX42, and occasionally with the radial glia marker RC2 or the neuronal marker NeuN. Furthermore, an intraperitoneal injection of bacterial endotoxin lipopolysaccharide increased the number of Gpnmb and OX42 double-positive cells in the area postrema, which is one of the circumventricular organs, indicating infiltration of hematogenous macrophages. These results suggest that Gpnmb, which is expressed in microglia and macrophages in non-tumorous neural tissues, plays an important role in the regulation of immune/inflammatory responses.
Introduction
Glycoprotein nonmetastatic melanoma B (Gpnmb) is a type I transmembrane protein implicated in various biological processes, such as cell differentiation, inflammation, tissue regeneration, and invasion and metastasis of malignant tumors (Rose and Siegel 2010) . Gpnmb contains a signal peptide and polycystic kidney disease I domain in its extracellular portion, a part of which is released in a soluble form during ectodomain shedding (Furochi et al. 2007a; Hoashi et al. 2010; Rose et al. 2010a ). The cytoplasmic domain of Gpnmb contains potential interaction sites for a number of signaling molecules, including cyclin, mitogen-activated protein kinase, and glycogen synthase kinase-3 (Selim 2009 ). Gpnmb is localized not only to the cell surface membrane, but also to endoplasmic reticulum microsomes in osteoblasts (Abdelmagid et al. 2008) , melanosomes in melanoma cells (Hoashi et al. 2010) , phagosomes in macrophages (Li et al. 2010) , and cytoplasmic vesicles in renal tubule-derived MDCT cells (Patel-Chamberlin et al. 2011) . Thus, Gpnmb is considered to function as a cell surface receptor, cell adhesion molecule, melanosomal protein, or soluble ligand (Selim 2009 ). To date, its orthologs such as dendritic cell heparan sulfate proteoglycan integrin-dependent ligand (DC-HIL; Shikano et al. 2001) , osteoactivin (Safadi et al. 2002) , or hematopoietic growth factor inducible neurokinin-1 type (HGF-IN; Bandari et al. 2003) have been identified in different species. In order to avoid complexity, we hereafter use the term Gpnmb.
Since its initial identification in human melanoma cells (Weterman et al. 1995) , Gpnmb has been considered a potential therapeutic target for malignant tumors. Its expression is upregulated in various tumor cells, including gliomas (Loging et al. 2000; Kuan et al. 2006; Tybruczy et al. 2010) , hepatomas (Onaga et al. 2003) , and breast cancer (Rose and Siegel 2010; Rose et al. 2010b) . Gpnmb overexpression by virus-mediated gene transfer in a human glioma cell line resulted in a more invasive and metastatic phenotype, accompanied by enhanced expression of matrix metalloproteinase (MMP)-3 and MMP-9 (Rich et al. 2003) . Tomihari et al. (2010) demonstrated using a mouse model that Gpnmb inhibits the activation of melanoma-reactive T lymphocytes and thereby promotes invasion. Moreover, an antiGpnmb monoclonal antibody that is conjugated with a cytotoxic agent has been subjected to clinical trials in patients with malignant glioma, breast cancer, and cutaneous melanoma (Tse et al. 2006; Pollack et al. 2007; Qian et al. 2008; Naumovski and Junutula 2010; Rose and Siegel 2010; Williams et al. 2010; Kuan et al. 2011) .
In addition to tumor progression, Gpnmb is considered to function in non-tumorous tissues. Its expression is upregulated in damaged skeletal muscles (Furochi et al. 2007b ), liver (Haralanova-Ilieva et al. 2005) , and kidneys (Nakamura et al. 2007; Pahl et al. 2010; Li et al. 2010; Patel-Cahmberlin et al. 2011) , and fractured bones (Abdelmagid et al. 2010) . In vitro studies have shown that Gpnmb induces osteoblast and osteoclast differentiation (Selim et al. 2003; Selim et al. 2007; Abdelmagid et al. 2008; Sheng et al. 2008) . In denervated mouse skeletal muscles, Gpnmb upregulates MMP-3 and MMP-9 in infiltrating fibroblasts (Ogawa et al. 2005) . Gpnmb also functions as an inhibitor of T lymphocytes (Chung et al. 2007 ) and macrophages (Ripoll et al. 2007) . These findings demonstrated the multiple roles of Gpnmb in normal tissues.
However, with regard to the nervous system, Gpnmb expression has been exclusively investigated in glioblastomas. Its expression in the normal brain is still unclear. Some studies steadily detected Gpnmb mRNA (Safadi et al. 2002; Onaga et al. 2003; Owen et al. 2003 ), but others not (Loging, et al. 2000; Shikano et al. 2001; Kuan et al. 2006) . Moreover, little is known about the regional distribution and cellular localization of Gpnmb in the normal central nervous system (CNS). Therefore, we examined Gpnmb expression in CNS regions of normal adult rats by reverse transcription-polymerase chain reaction (RT-PCR) and immunohistochemical analyses. Furthermore, to gain insight into the role of Gpnmb in the nontumorous CNS, we studied changes in Gpnmb expression in inflamed brains.
Materials and Methods

Experimental animals
Adult Wister rats (200-300 g) were purchased from Charles River Japan (Yokohama, Japan) and New Zealand white rabbits (approximately 4 kg) from CLEA Japan, Inc. (Tokyo, Japan). The experimental procedures approved by the Guideline for the Care and Use of Laboratory Animals in Kanazawa University. These animals were maintained in the Institute for Experimental Animals of Kanazawa University Advanced Science Research Center.
Injection of lipopolysaccharide (LPS)
LPS from Escherichia coli serotype O127:B8 (Sigma, St. Louis, MO) was dissolved in sterile phosphate-buffered saline (PBS; pH 7.4) and intraperitoneally injected at a dose of 0.1 mg/kg of body weight.
RT-PCR
cDNA encoding the entire protein-coding sequence of rat Gpnmb was obtained by RT-PCR using the following set of primers: 5 -AGAGTCAAGCCCTGACTGGC-3 (forward 1) and 5 -GAAGAGTGGGTTCCCAGTCA-3 (reverse 1). PCR was performed using a 50-μl reaction mixture containing cDNA prepared from injured sciatic nerve (Osamura et al. 2005 ; corresponding to 50 ng of total RNA), 1 × KOD FX buffer (Toyobo, Osaka, Japan), 200 μM dNTPs, 200 nM of each primer, and 1 unit of KOD FX DNA polymerase (Toyobo). The amplification consisted of 35 cycles of 10-sec denaturation at 98
• C, 30-sec annealing at 60
• C, and 2-min extension at 68
• C. For TA cloning, 3 -A overhangs were added to the amplified product by treating it for 10 min at 72
• C in a reaction mixture containing 1 × ExTaq buffer (Takara Shuzo, Otsu, Japan), 75 μM dNTPs, 2.5 mM MgCl 2 , and 2.5 units of ExTaq DNA polymerase (Takara Shuzo). The resulting fragment was cloned into a pCR2.1-TOPO vector (Invitrogen, Carlsbad, CA) to yield pCRNMB, which was verified by nucleotide sequencing. For analysis of regional mRNA distribution, rats were decapitated after deep anesthesia with diethyl ether and chloral hydrate (500 mg/kg, intraperitoneally), and various regions of CNS were dissected. Total cellular RNA was extracted by the acid-phenol guanidium thiocyanatechloroform extraction method using RNA-Bee (Tel-Test, Friendswood, TX) and reverse-transcribed using a kit (FirstStrand cDNA Synthesis Kit; Amersham Biosciences, Little Chalfont, Buckinghamshire, United Kingdom) in a 15-μl reaction mixture containing 1 μg of total RNA, 45 mM Tris (pH 8.3), 68 mM KCl, 15 mM dithiothreitol, 9 mM MgCl 2 , 0.08 mg/mL bovine serum albumin (BSA), 10 μg/mL random hexanucleotide primers, and 1.8 mM dNTPs. After incubation for 1 h at 37
• C, the samples were diluted with distilled water (185 μl), and heated for 5 min at 100
PCR was performed in a 20-μl reaction mixture containing cDNA products (corresponding to 5 ng of total RNA), PCR products were electrophoretically separated on a 1.2% agarose gel and visualized by ethidium bromide staining.
Southern blot analysis
After electrophoresis, PCR products were transferred to a nylon membrane (Zeta-Probe; Bio-Rad Laboratories, Hercules, CA) and hybridized with horseradish peroxidase (HRP) conjugated probes. Probe labeling, hybridization, and detection were performed using the enhanced chemiluminescence (ECL) direct acid labeling and detection systems (GE Healthcare, Piscataway, NJ) according to the manufacturer's instructions. The probes used were the 460-bp NcoI (1194)/NcoI (1656) fragment from pCRNMB and the 490-bp NcoI (377)/ApaI (871) fragment from pCGAPDH (Osamura et al. 2005) ; numbers in parentheses are in accordance with the GenBank database (accession number NM 133298 for rat Gpnmb and X02231 for rat GAPDH) and represent the 5 -terminal nucleotide generated by restriction endonuclease digestion.
Antibody production and purification
A synthetic peptide corresponding to the C-terminal region of rat Gpnmb (amino acid residues 558-572, NCBI accession number NP 579832) was conjugated to keyhole limpet hemocyanin (1 mg peptide/mg carrier protein; Calbiochem, La Jolla, CA) using glutaraldehyde. Approximately 100 μg of peptide in complete Freund's adjuvant (Difco Laboratories, Detroit, MI) was subcutaneously inoculated into two New Zealand white rabbits. The rabbits were boosted every two weeks and bled five to seven days after each boost. For affinity-purification of the collected antisera, the peptide (1 mg) was coupled to Affi-Gel 10 (1 mL; Bio-Rad Laboratories) according to the manufacturer's protocol. Antiserum (5-10 mL) was incubated with the peptide-resin overnight at 4
• C. After washing with 0.5 M MgCl 2 , bound antibodies were eluted with 4 M MgCl 2 and dialyzed against PBS (pH 7.4). Antibody concentration was determined by absorbance at 280 nm using 1.38 as the extinction coefficient.
Construction of an expression plasmid for rat Gpnmb
pCRNMB was digested with HindIII and EcoRV and treated with the Klenow fragment of DNA polymerase I. The resulting 1.9-kb fragment containing the entire protein-coding sequence of rat Gpnmb was ligated to XbaI-cleaved pEF-BOS (a generous gift from Professor Nagata, Kyoto University, Japan; Mizushima and Nagata 1990) after treatment with the Klenow fragment of DNA polymerase I to yield an expression plasmid, pEF-RNMB.
Transfection and immunofluorescence staining
COS-7 cells cultured in Dulbecco's modified Eagle's medium (Gibco-BRL, Grand Island, NY) containing 10% fetal calf serum in a 5% CO 2 atmosphere were transfected with pEF-RNMB or pEF-BOS by the DEAE-dextran method (Golub et al. 1989 ) and grown on poly-d-ornithine-coated glass coverslips. After two days, cells were washed with ice-cold PBS and sequentially incubated in (1) 2% paraformaldehyde (PFA) in 0.1 M phosphate buffer (PB; pH 7.4) for 30 min on ice; (2) PBS containing 0.3% Triton X-100 (PBS-T), three changes, 5 min each; (3) blocking solution (PBS-T containing 1% BSA and 1.5% normal goat serum) for 1 h at room temperature (RT); (4) affinity-purified anti-Gpnmb primary antibodies (0.3 μg/mL in the blocking solution) overnight at 4 • C; (5) PBS-T, six changes, 5 min each; (6) fluorescein isothiocyanate (FITC) conjugated goat anti-rabbit IgG antibody (1:1000 in the blocking solution; Jackson ImmunoResearch Laboratories, West Grove, PA) for 1 h at RT; and (7) PBS-T, six changes, 5 min each. Next, coverslips were mounted on glass slides with Vectashield (Vector Laboratories, Burlingame, CA), sealed with nail polish and viewed under a epifluorescence microscope (IX71; Olympus, Tokyo, Japan) using U-MNIBA3 (excitation, 470-495 nm; emission, 515-550 nm) and U-MWU2 (excitation, 330-385 nm; emission, 420 nm) filter cubes for visualization of FITC and 4 ,6-diamidino-2-phenylindole (DAPI), respectively. Digital images were acquired using a computer-linked camera (DP71; Olympus). The obtained images were processed using Adobe Photoshop CS2 (Adobe Systems, San Jose, CA).
Immunoblot analysis
Crude membranes were prepared from pEF-RNMBtransfected, pEF-BOS-transfected, or non-transfected COS-7 cells, and rat brains as follows. pEF-RNMB-transfected or pEF-BOS-transfected COS-7 cells (10 μg) and nontransfected cells were grown on 100-mm dishes as described c 2012 The Authors. Published by Wiley Periodicals, Inc.
above. After two days, transfected and non-transfected cells were harvested by scraping in PBS containing 1% (w/v) EDTA, pelleted by centrifugation at 400 × g for 10 min at 4
• C, and stored at -80
• C. The cell pellets and freshly dissected rat brains were homogenized in 3 mL of a solution containing 0.25 M sucrose, 1 mM EDTA (pH 8.0), and protease inhibitor cocktails (Complete Mini; Roche Applied Science, Mannheim, Germany) using a Teflon/glass homogenizer. The homogenates were centrifuged at 1600 × g for 10 min at 4
• C, and the supernatant was centrifuged at 84,000 × g for 30 min at 4
• C. The pellets were resuspended in 3 mL of 50 mM
Tris-HCl and 1 mM EDTA and recentrifuged at 84,000 × g for 30 min at 4
• C. The obtained pellets were resuspended in 0.1% SDS. Protein concentration was estimated by the BCA protein assay kit (Thermo Scientific, Rockford, IL) using BSA as a standard. Membrane preparations (3 or 20 μg of protein) were fractionated on SDS-polyacrylamide gels and electrophoretically transferred to polyvinylidene difluoride membranes (Millipore, Bedford, MA). The membranes were stained with 0.1% Coomassie Brilliant Blue R-250 (CBB) containing 10% acetic acid and 40% methanol, photographed, and rinsed in 100% methanol. Next, the membranes were blocked for 1 h at RT in PBS containing 0.1% Tween 20, 5% skimmed dry milk, 1% BSA, and 5% normal horse serum, followed by overnight incubation at 4
• C with anti-Gpnmb antibodies (0.3 μg/mL) in the blocking solution. The blots were washed and incubated with HRP-conjugated donkey antirabbit IgG antibody (1:3000; GE Healthcare). Immunoreactive (IR) bands were detected by chemiluminescence on X-ray film (RX-U; Fuji Photo Film, Tokyo, Japan) using ECL reagents (GE Healthcare). Images were obtained using an image scanner (ES2200; Seiko Epson, Nagano, Japan) and Adobe Photoshop software.
Immunoperoxidase staining
Rats were transcardially perfused with PBS followed by perfusion with a fixative containing 4% PFA in 0.1 M PB after deep anesthetia with diethyl ether and chloral hydrate. Brains were removed immediately and postfixed in the same fixative overnight at 4
• C and then cryoprotected for two days at 4
• C with 30% sucrose in 0.1 M PB. Sections at a thickness of 16 or 18 μm were cut using a cryostat and collected in PBS. Freefloating sections were sequentially incubated in (1) blocking solution (PBS containing 0.3% Triton X-100, 1% BSA, and 1.5% normal goat serum) for 1 h at 4 • C; (2) affinity-purified anti-rat Gpnmb antibodies (0.3 μg/mL in the blocking solution) overnight at 4 • C; (3) PBS containing 0.3% Triton X-100, three changes, 5 min each; (4) biotinylated goat-anti rabbit IgG (1:2000; Vector Laboratories) in the blocking solution for 1 h at RT; (5) PBS containing 0.3% Triton X-100, three changes, 5 min each; (6) ExtrAvidin-Peroxidase (1:1000; Sigma) in PBS containing 0.3% Triton X-100 for 30 min at RT; (7) PBS containing 0.3% Triton X-100, five changes, 5 min each; and (8) working solution of the metalenhanced diaminobenzidine (DAB) substrate kit (Thermo Scientific). After six rinses in distilled water, sections were mounted on untreated clean glass slides and covered with mounting medium (Aquatex; Merck, Darmstadt, Germany) and a glass cover slip. Photomicrographs were obtained using a light microscope (BZ-8000; Keyence, Osaka, Japan). Negative controls were obtained by preadsorbing antibodies with an excess (30 mM) of the synthetic peptides.
Multiple-label immunofluorescence
Sections (16 μm) were prepared by the same method as for immunoperoxidase staining and sequentially incubated overnight at 4
• C with rabbit anti-Gpnmb antibody
(1 μg/mL) and mouse monoclonal antibodies in the blocking buffer; the details and final concentrations are given in Table 1 . After rinsing, sections were incubated for 1 h at RT with a mixture of appropriate fluorescence-conjugated secondary antibodies ( 
Staining with isolectin B4 (IB4)
Sections were incubated with biotin-conjugated IB4 (1:100; Sigma) during primary antibody incubation and with Texas Red-conjugated streptavidin (1:100; GE Healthcare) during secondary antibody reaction.
Results
Gpnmb mRNA expression in rat brain
To examine whether Gpnmb mRNA was expressed in rat CNS, we first performed RT-PCR analysis. Primers were designed to distinguish between the amplified product from cDNA and an amplified product derived from contaminating genomic DNA. As shown in Fig. 1A , sense and antisense primers were made to recognize exons 6 and 11, respectively. PCR products from cDNA and genomic DNA were predicted to be 993 bp and 4.4 kb, respectively. Furthermore, specificity of PCR products was confirmed by Southern blot analysis using an internal probe (Fig. 1A) . Gpnmb mRNA expression was detected in all brain regions examined; GAPDH cDNA was used to confirm the integrity of RNA preparations (Fig. 1B) .
Antibody validation
To examine Gpnmb expression at the protein level, we generated a polyclonal antibody against rat Gpnmb by immuniz- ing rabbits with a synthetic peptide corresponding to the Cterminal region. Immunofluorescence staining revealed that Gpnmb-immunoreactivity (IR) was localized to lysosomelike structures in cDNA-transfected COS-7 cells, but not in mock-transfected or non-transfected cells ( Fig. 2A) . Immunoblot analyses using the obtained antibody detected a major band of 68 kD and a smear from 68 to 95 kD in cDNA-transfected COS-7 cells, but not in mock-transfected and non-transfected COS-7 cells (Fig. 2B) . The 68 kD band agrees well with the predicted molecular mass of rat Gpnmb, and the smear is most likely a glycosylated form. Furthermore, the antibodies recognized two main bands of 68 and 150 kD in a crude membrane fraction prepared from the entire brain (Fig. 2C ). These bands were completely abolished by preadsorption of the antibody with the peptide used for immunization (Fig. 2C ).
Gpnmb-IR in normal rat brain
Cerebral cortex
Gpnmb-IR was observed in all layers of the cerebral cortex, but staining was most prominent in layers II and III (Fig. 3A) . IR was abolished by preadsorption of the primary obtained from Gpnmb cDNA-transfected, mock-transfected, and nontransfected COS-7 cells (-) were subjected to 9% SDS-PAGE, transferred to a nylon membrane, and probed with the anti-Gpnmb antibody prepared in this study. (C) Crude membranes from adult rat brains (20 μg) were subjected to 7.5% SDS-PAGE and transferred to a nylon membrane. The membrane was cut into two parts, and each was probed separately with the anti-Gpnmb antibody before and after adsorption (ads, -and ads, +) with the antigenic peptide. Membranes stained with CBB are presented as a loading control in both (B) and (C); the positions of molecular weight markers are indicated on the left.
antibody with the peptide used for immunization (Fig. 3B) . Some of the Gpnmb-IR cells appeared to have fine processes (Fig. 3C, D) . Double immunofluorescence staining revealed that Gpnmb-IR cells in layers II and III were positive for the microglia/macrophage markers OX42 (Fig. 4A ) and IB4 (Fig. 4B) . Although less frequently, some Gpnmb-IR cells were co-stained for the radial glial lineage marker RC2 (Fig. 4C) . In contrast, no co-staining was observed with antibodies to the astrocyte lineage markers glial fibrillary acidic protein (GFAP; Fig. 4D ) and protein S-100β (Fig. 4E ) and the neuronal marker NeuN (Fig. 4F ). This tendency was the same in other layers, except that occasional co-staining with NeuN was detected in layer VI (Fig. S1 ). 
Hippocampus
Gpnmb-IR was observed throughout the hippocampus (Fig. 5A) . IR was abolished by the primary antibody that was preadsorbed with the peptide used for immunization (Fig. 5B) . IR in the CA1 segment (Fig. 5C ) and dentate gyrus (Fig. 5F ) was stronger than that observed in the CA2 and CA3 segments (Fig. 5D, E) . With double fluorescence staining, Gpnmb-IR cells co-stained with OX42 or IB4 were observed in the polymorphic cell layer (Fig. 6A, B) , but no co-staining with GFAP or NG2 was observed (Fig. 6C, D) . A fraction of Gpnmb-IR cells in the granule cell layer of the dentate gyrus was positive for NeuN (Fig. 6E) .
Cerebellum
In the cerebellum, cell bodies in the Purkinje cell layer and fine processes in the molecular layer were stained (Fig. 7A,  C) . Staining was abolished by preadsorbing the primary antibody with the peptide used for immunaization (Fig. 7B) . The
Gpnmb-IR cells were co-stained with anti-GFAP (Fig. 7D ) and anti-RC2 (Fig. 7E) antibodies, but not at all with an antibody against calbindin D-28K, a specific marker for Purkinje neurons (Fig. 7F) . Therefore, we concluded that Gpnmb-IR cells were Bergmann glial cells.
Spinal cord
In the spinal cord, Gpnmb-IR was observed more frequently in the gray matter (Fig. 8A, C ) than in the white matter (Fig. 8A, D) . Staining was abolished when the primary antibody was preadsorbed with the antigen peptide (Fig.  8B ). In particular, intense staining was observed in the superficial layers of the dorsal horn and large neurons in the anterior and lateral horns (Fig. 8A, C) . Gpnmb-IR cells in the dorsal horn were costained with OX42 ( Fig. 8E) and NeuN (Fig. 8F ).
Other areas
Prominent Gpnmb-IR was observed in the choroid plexus (Fig. 9A) , ependyma (Fig. 9B) , median preoptic nucleus (Fig. 9C) , periventricular area surrounding the third ventricle (Fig. 9D ), olfactory bulb ( Fig. S2A-D) , and striatum ( Fig. S3A-C) . These cells were confirmed to be positive for the microglia/macrophage markers in the choroid plexus (Fig. 9E ), olfactory bulb (Fig. S2E, F) , and striatum (Fig. S3C,  D) . The relative intensity of Gpnmb-IR in major regions of the rat CNS is summarized in Table S1 .
Gpnmb-IR in inflamed rat brain
Since Gpnmb-IR cells in normal CNS were mostly positive for the microglia/macrophage lineage markers, we further examined whether inflammatory stimulation had any effects on these cells. After intraperitoneal injection of bacterial endotoxin (LPS), we observed that Gpnmb-IR in the area postrema was prominent compared with that in rats injected with PBS (Fig. 10A ). This change became obvious 8 h after the LPS injection and was more widespread after 24 h (Fig. 10A) . Gpnmb-IR cells were positive for OX42 (Fig. 10B ) and appeared to be in contact with vessels ( Fig. 10A, B) . Gpnmb-IR was localized to cytoplasmic vesicles (Fig. 10B ). These observations suggest that macrophages infiltrated from blood vessels in this systemic inflammation model.
Discussion
The main findings of this study were as follows: (1) Gpnmb mRNA was widely present in normal CNS of adult rats, Figure 6 . Characterization of Gpnmb-IR cells in the hippocampal dentate gyrus. Sections were double-stained for Gpnmb (green) and the indicated markers (red). Note that Gpnmb-IR cells were co-stained with OX42, IB4, or NeuN (arrows). Scale bars: A, 10 μm; B -E, 30 μm.
(2) Gpnmb-IR cells in the normal CNS are preferentially stained with microglia/macrophage markers, and occasionally with the radial glial marker RC2 and neuronal nuclei marker NeuN, and (3) systemic LPS administration evoked an increase in Gpnmb-IR in the area postrema. These data demonstrate for the first time that Gpnmb is expressed not only in brain tumor cells, but also in normal CNS and provide insights into the roles of Gpnmb in CNS. Microglial cells are known to produce various cytokines, neurotrophic factors, proteases, and gaseous neuromodulators that regulate multiple processes, including maintenance of the CNS structure, immune/inflammatory responses, and regulation of neuronal networks (Kettenmann et al. 2011) . Previous in vitro studies have demonstrated that Gpnmb can function as an anti-inflammatory regulator by inhibiting the activation of T lymphocytes (Chung et al. 2007) or by reducing the secretion of proinflammatory cytokines from macrophages (Ripoll et al. 2007 ). Therefore, it is possible that Gpnmb produced by microglia acts on immune effector cells and alleviates excessive proinflammatory responses in the CNS.
In addition, we found that an intraperitoneal injection of LPS increased Gpnmb and OX42 double-positive cells in the area postrema. Because the increase was detectable 8 h after the injection, it is possible that blood-borne macrophages expressing Gpnmb infiltrated from systemic circulation and participated in the immune/inflammatory responses. The area postrema, which is an interface between the immune system and brain, contributes to autonomic control of brainmediated host defense responses (Goehler et al. 2006) . In previous studies, systemic LPS administration upregulated tumor necrosis factor-α (Breder et al. 1994 ) and interleukin-6 (Vallières and Rivest 1997) mRNA levels within 8 h. We assume that Gpnmb produced by infiltrating macrophages may counteract or decrease the actions of these proinflammatory cytokines.
Recently, a genome-wide association study identified the human Gpnmb gene on chromosome 7p15 as a risk locus for Parkinson's disease (International Parkinson's Disease Genomics Consortium (IPDGC) and Wellcome Trust Case Control Consortium 2 (WTTCCC2) 2011). Considering the present observation that Gpnmb-IR is detectable in ED1-or OX42-positive cells in the striatum (Fig. S3) , it is tempting to postulate that Gpnmb may exert an anti-inflammatory effect during the degeneration of nigrostriatal neurons.
In addition to macrophage/microglia lineage cells, we detected Gpnmb-IR in ependymal, Bergmann glial, and NeuNpositive neuronal cells. Ependymal cells, like astrocytes, can be generated from radial glia (Spassky et al. 2005; Wang and Bordey 2008) and express GFAP (Doetsch et al. 1997; Liu et al. 2006; Wang and Bordey 2008) . Bergmann glial cells are radial glia that persist in the adult cerebellum without differentiating into mature astrocytes (Kriegstein and Götz 2003; Rakic 2003; Wang and Bordey 2008) and regarded as specialized astrocytes (Rakic 2003) . Although these GFAPpositive cells are originated from radial glia, Gpnmb-IR was detected only in ependymal and Bergmann glial cells, but not in the majority of astrocytes. One possible explanation for this difference is that Gpnmb expression in ependymal and Bergmann glial cells may take place after commitment to terminal differentiation. Although the nature and ontogenic origin of Gpnmb and NeuN double-positive cells are currently unclear, Gpnmb-IR in hippocampal granular cell neurons could be explained as a remnant of radial glia, from which these neurons originated (Kriegstein and Götz 2003) . Elucidation of the role of Gpnmb in these cell types requires more detailed characterization during development.
In conclusion, the present results indicate that Gpnmb was expressed in microglia/macrophage and radial glial lineage cells in non-tumorous neural tissues. It is therefore conceivable that Gpnmb-targeted therapies may have detrimental effects on these cell types. More importantly, our findings raise the possibility that Gpnmb may serve as a novel regulator of immune/inflammatory responses in CNS. Future studies are needed to clarify the role of Gpnmb in immune/inflammatory responses underlying traumatic nerve injury and neurodegenerative diseases, such as multiple sclerosis, Parkinson's disease, and Alzheimer's disease. 
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